Introduction.
The Mercury-Argon discharge is a system with both fundamental and practical applications. From the fundamental point of view, it has been used to measure atomic properties such as inelastic collision cross sections and has been a laboratory for radiation transport studies. From the practical point of view, it is the basis of fluorescent lighting technology which makes use of it as an efficient device for converting electrical energy into ultra violet radiation which is subsequently converted into visible light by phosphors on the inner surface of the tube. Small improvements in the efficiency of such devices can lead to major savings of energy. The property of the discharge that is of primary interest in evaluating its effectiveness as a light source is its radiant emittance or the flux of UV radiation at the surface of the discharge. In this paper, we develop a variational theory of this emittance and apply it to an assessment of the effects of isotopic enrichment of the Mercury.
The modern theory of resonance radiation transport in discharges begins with the works of Biberman 1 and Holstein 2 . The diffusion of the excited state atoms is important as it allows one to impose the appropriate boundary conditions on their densities at the surface of the discharge. The radiant emittance of an optically thick discharge is sensitive to the behavior of these densities at the surface. Ve use a destroying boundary condition derived from the kinetic picture that all excited state atoms incident upon the surface are deexcited at the surface and there is no return current of excited atoms into the discharge from the surface. This leads to a boundary condition that is a linear relation between the density and current of excited atoms at the surface of the discharge in the diffusion approximation. This time is only indirectly related to the emittance of the discharge in a time independent situation. Rather than following this traditional path, we have developed a theory for the emittance directly. Ve develop a variational principle for the emittance in Sec. 2. This principle by passes the problem of solving the equations for the excited state densities and reduces the problem of calculating a variational estimate of the emittance to quadrature after an appropriate choice of the ten trial excited-state and ten adjoint densities has been made. 4 In Sec. 3, we use our expression to evaluate the effects of changes in the isotopic concentration of the Mercury. Our choice • of trial densities is motivated by a study of a simple one dimensional model which can be solved exactly and is discussed in an associated Lawrence Berkeley Laboratory Report. 5 We have also tested our method against an exact calculation for a model with a simplified line shape. 5 However, here we will concentrate on the emittance as it is the quantity of prime importance in applications.
Our objective is the development of a theory that accounts for the effects of variations of the isotopic composition of the Mercury upon the emittance of the discharge. Changes in the isotopic composition redistribute the intensity over the isotopeand hyperfine-shifted components of the resonance line. The practical goal is the specification of the composition that maximizes the emittance by making the discharge more transparent without reducing the total source density. To this end, we make approximations that may not be appropriate in other contexts but which should not affect our conclusions which are based on differential rather than absolute results.· These approximations are: (1) Ve assume that there is no time dependence and that the system has plane symmetry, i.e., a slab of thickness z 0 • The qualitative effects that we seek to explain should not be affected by these assumptions since the longest relaxation time The effects of photon polarization, magnetic fields, and alignment of the atomic states will be considered in the future. 
Surface effects are taken into account in two ways. First, we impose boundary conditions on the specific intensity of the radiation and atomic densities. And second, we allow for a contribution to the emittance from the current of excited atoms incident upon the surface. For the radiation field, the boundary 9 condition is that there be no incoming radiation at the surface.
For the excited state atomic densities, we use a destroying boundary condition that all excited state atoms incident upon the surface are deexcited. In the diffusion approximation that we where Substitution of (2.21) into (2.19) yields the expression This expression for the emittance is the basis for our study of the effects of isotopicly enhanced mixtures on the emittance given in the next section.
Isotopic aixtures.
Calculations of the effects of changes in the isotopic concentrations of the Mercury on the radiant emittance of the discharge must proceed in two steps. First, the parameters of the theory must be fixed and then the isotopic concentrations can be varied. The parameters fall into three classes. In the first class are the parameters that have a large effect upon the emittance a' -the branching ratio for radiative decay o£ the 3 P 1 state and l 0 -the rate constant £or resonant exchange of excitation. These two parameters are fitted to the temperature dependence o£ the emittance of natural Mercury, that is, the location of the temperature at which the emittance is a maximum which we take to be 40°C and the rise o£ the emittance over the 1 ·nterval from 20°C to 40°C h" h t k t b w 1c we a e o e 40% . The members of second class of parameters have only a weak effect upon the emittance and are given estimated values. They are: K 0 -the diffusion time times the total decay rate £or the 3 P 1 state which we take to be K 0 N 10 5 (based upon a diffusion time r ~ 0.01 sec. and a decay rate that-is dominated by radiative decay A 10 ~ 10 7 sec. In all of the isotopic mixtures that we discuss, we modify concentrations by adding or subtracting pure amounts of the isotope to be modified as this is how it is done in the laboratory at least for additions. Ve then calculate the emittance at 2K intervals from 307K to 319K using (2.21).
Then, for each isotopic mixture, we look for the maximum value of the emittance as a function of temperature. Ve present in the tables the change in this maximum emittance from that of natural Mercury in percent. This is done for changes in the Mercury-196 concentration in Table 3 .1 and for 199, 201 , and 202 concentrations in Table 3 .2. In both of these tables, we use the natural concentration as the unit of concentration for each isotope. The small numbers in Table 3 Our results for increases in the 196Hg concentration are given in Table 3 .1.. They imply a maximum increase in the emittance of 5.4% at a concentration of 11.6% or 59 times natural. This is in good agreement with published experimental results 6 and gives strong support for our theory.
Our results for 199, 201 , and 202 are given in Table 3 
